Abstract-A very significant obstacle in employing Orthogonal Frequency Division Multiplexing (OFDM) in wideband satellite systems is its sensitivity to the non-linear response of the on-board Traveling wave Tube Amplifier (TWTA). Since satellite systems are power limited, backing-off the TWTA by a significant amount is not a realistic option. Therefore amplifier linearization techniques need to be employed in order to limit the impact of the non-linear signal distortions. This paper, studies the feasibility of introducing a Look-Up Table ( LUT) based pre-distorter at the baseband of the gateway modem for linearizing the on-board TWTA. The LUT pre-distorter uses an adaptation algorithm for up-dating the table parameters according to the drifts in the amplifier's response over time and frequency. The study concentrates on evaluating the performance improvements that can be offered by the LUT pre-distorter, by making realistic assumptions regarding the training process, which in the satellite system needs to be based on the transmission of training sequences that propagate via an imperfect channel.
, [2] . Currently, OFDM is also under investigation as a possible solution in emerging mobile satellite systems for digital multimedia broadcasting:-Satellite Digital Multimedia Broadcasting (S-DMB). The consideration of multi-carrier transmission in such systems arises mainly due to the presence of terrestrial repeaters (gap filters) within urban regions, which create propagation environments with excessively long delay spreads. [3] .
Although OFDM based systems are efficient in mitigating the frequency selectivity of the channel, the IFFT processing at the transmitter results a very high Peak-toAverage Power Ratio (PAPR). As such OFDM is inherently more sensitive to non-linear distortion introduced by the High Power Amplifier (HPA), compared to a single carrier system; due to the large dynamic range of the envelope fluctuation [1] , [5] , [6] . As mobile satellite systems are power limited, careful consideration should be given in order to ensure a power efficient communication link [3] . This fact necessitates operating the HPA in the saturation region and this results in in-band distortion and out-of band interference. The former manifests itself as higher BER (and hence reduced system capacity), although the detrimental effects are partially mitigated by the equalization process at the receiver. On the other hand, the out-of band distortion, caused by the spectral spreading of the signal, can only be mitigated prior to transmission is made; otherwise it will produce severe Adjacent Channel Interference (ACI) to nearby frequency bands [5] , [6] .
Pre-distortion techniques are well known options for amplifier linearization and thus facilitating an efficient balance between performance and Input Back-Off (IBO). Their main advantages relative to other linearization techniques are efficient baseband implementation and ability to adapt to change's to the amplifier's response [7] . The application of pre-distortion techniques in terrestrial systems poses less complication, fundamentally due to the fact that the transmitter and the power amplifier are colocated. In a satellite system, however, the pre-distorter's adaptation needs to be performed remotely and this introduces complexity, and overhead as well as potential performance degradations. This paper focuses on the Look Up Table ( LUT) based pre-distorter and analyzes its feasibility and performance in an OFDM based mobile satellite system. Realistic assumptions regarding the training process of the amplifier are made in this study; by modeling the feed back signal from the satellite received from the gateway via AWGN channel. The remainder of this paper is organized as follows. Section II gives a brief description on the modeling of the OFDM signal, TWTA modeling and modeling of the adaptive pre-distortion scheme. Section III presents the simulation parameters used and discusses the preliminary results obtained. Section IV gives conclusion and future F(address) = |FelOf II.
SYSTEM DESCRIPTION A. OFDM Signal Model
A simplified block diagram of the baseband-equivalent system for an OFDM transmission system is shown in Fig. 1 . The serial-to-parallel block converts a QPSK input stream to a block of N symbols, which modulates corresponding subcarries. After the OFDM modulation is performed by the IFFT, the cyclic prefix (CP), that is longer than the largest delay spread of the channel, is inserted to remove the ISI and the ICI. The pre-distorter (PD) and high power amplifier (HPA) modeling is presented in the next two sub-sections. For the sake of simplicity in the simulation process, the mobile satellite channel is assumed to be modeled by additive white Gaussian noise (AWGN).
At the receiver, the received signal is processed in the reverse order to the OFDM transmitter; the cyclic prefix is removed and then the OFDM demodulation is performed by the FFT. This demodulated signal is converted to serial stream and then the signal is either detected or fed to the channel decoder.
B. Base-band LUT based Pre-distorter The basic idea of baseband digital pre-distortion is to predistort a baseband signal before up conversion and amplification by the HPA, so that the overall performance of the PD and the HPA system is linear. Fig. 2 illustrates the simplified block diagram of the whole transmitter system, including the HPA and PD. The PD uses a small sized LUT, which stores a finite number of complex values in its entries. These entries are indexed by the power (in decibel form) of the instantaneous complex input signal. Therefore, the table entry for a sample of OFDM input signal, X, can be accessed using the address calculation block. In the address calculation block, the power of the instantaneous OFDM input signal is calculated using equation (1) Table ( LUT), the PD is trained using a training signal whose power is ramped up during the training period. The power of the signal is first set to a minimum value (nearly zero) at the start of the training period and will typically peak at, or just below, the maximum correctable input power of the TWTA. In this way, the pre-distortion function can be calculated over the whole range of input magnitudes. Once the initialization process is over, the PD should be updated with the varying TWTA characteristics. This necessitates an efficient adaptation algorithm to be incorporated.
2) Adaptation Method: Referring to fig. 2 , the instantaneous power (in dB) of the input signal is used to access the LUT. Consequently, the LUT outputs the complex pre-distortion parameter F , which multiplies the input OFDM sample ( x ). The pre-distorted signal y = x * F, is then input to the unit gain HPA, which outputs the distorted signal W. As discussed earlier, the condition for achieving perfect compensation of the amplifier's non-linearity is W = x. However, there will in practice be errors, between the research and investigations. transmit signal and the output of the HPA, which is associated with a particular table entry. This can be represented by [7] : e(F) = w(F) -x (6) This error can be eliminated by first formulating this adaptation as an iterative root finding problem for which a number of classical methods can be applied. Since the Newton-Raphson method has quadratic convergence, it can be applied to this kind of problem (6) . However, NewtonRaphson method requires a continuously differentiable function and it evaluates the root by making use of the gradient of the function at each step. This can be represented by:
e'(F1 (k)) (7) where e'(Fi (k)) is the first derivative of e(Fi (k)) with respect to Fi (k).
order to make the design simple. [4] .
III. SIMULATION RESULTS
Since (6) is not differentiable, a reasonable alternative to finding the root of equ. (6) is the Secant method. This is, in fact, a variation of Newton-Raphson method, in which an approximation of the gradient can be evaluated based on equ. (8) by using the last two LUT values.
e'(F (k)) ee(Fi (k))-e(Fi (k -1)) (8) Substituting (8) in (7), we have (9): F (k I 1) = Fi (k -I)e(F1 (k))-F1(k)e(F1 (k -1)) (9) Where Fi (k) is the kth iteration of table entry i. Equation (9) shows that Secant' s method requires two complex multiplications and three complex additions per iteration [7] . The HPA widely used for high capacity satellite transmission is traveling wave tube amplifier (TWTA). Fig.  4 shows a typical AM-AM and AM-PM response of the memory-less TWTA, operating at S-band [4] . These values, taken from measurement [4] , were used to model the HPA according to [9] . A simplified block diagram is shown is fig.  3 . Here we assume the gain of the HPA is memory-less in In this section we analyze via simulation, the feasibility and performance of LUT based adaptive pre-distortion techniques for a satellite based system under realistic assumption regarding the training of the PD. As mentioned in section II, the PD is located in the earth station and it is trained by a ramp type signal. This training signal is observed by the earth station in order to initialize and adapt the PD according to the variations in the TWTA. Since the earth station is fixed, the observed signal at the earth station is assumed to be corrupted only by additive white gaussian noise (AWGN). The simulation parameters used for the study are listed below in Table. Fig. 7 shows the convergence behavior of the LUT based PD with 64 LUT elements. As seen from the figure, the convergence speed is reduced when high SNR is available in the feedback channel. We also see from fig. 7 that as the SNR in the feedback channel is increased by 6dB, the MSE level is reduced by 10 dB.
IV. CONCLUSION
In this paper, the feasibility and the performance of the baseband LUT based pre-distorter was studied as a compensation technique for the non-linear distortion introduced by the on-board power amplifier in a mobile satellite system. Preliminary results have been presented for an uncoded OFDM system for different IBO and SNR conditions. These have shown that the LUT PD offers an effective solution only when the SNR in the feedback channel is sufficiently high. However, simulations suggest that the PD has a degrading effect on the link performance. Furthermore the simulation results have shown the available SNR in the feedback channel impacts the convergence speed of the LUT PD.
In order to make a fair conclusion, several areas remain to be addressed. Since coding reduces the IBO significantly [5] , the coded OFDM system performance will be added to the simulation. In addition to this, a more realistic model of the feedback channel will be modeled and added to the simulation. No of Samples
Fig. 7 Convergence of the MSE between the input signal and output signal of the HPA for a 64-element LUT.
